The situation in Praia may be critical at the moment because of its current aerosol loading and retention. In this study we obtained 14-year (2000-13) data set from satellite and ground observation from a multi-angle imaging spectro-radiometer (MISR) and an aerosol robotic network (AERONET). The analytic and statistical techniques were used to investigate the aerosol loading and retention over Praia-Cape Verde. The average annual aerosol retention over the study area increased by 18%. The highest aerosol retention rate of 39% was recorded in 2010. The aerosol loading was found to be higher between December to February. Since the ventilation over Praia is low, aerosol loading impact on the health and welfare of life forms may be threatened. The study also suggested other sectors of the economy that can be affected by the increased aerosol loading over Praia.
Introduction
The challenge of aerosol-loading to human health and infrastructure is enormous. Liu et al. [1] affirmed that atmospheric aerosols can increase the heat flux over the earth. Verheggen and Weijers [2] clarified that aerosols cause cooling while black carbon aerosol causes warming. Emetere et al. [3] [4] worked on the cooling/warming effect of aerosol loading over some locations in West Africa. It was proposed that atmospheric aerosols coagulate in form of heterogeneous and homogeneous layers that have lifetimes which depend on how much aerosols are retained.
Atmospheric aerosol consist of a mixture of inorganic salts, organic carbon, black carbon, trace metals, and water [5] . The moving aerosol layers in the atmosphere may be detrimental to signal budgeting. It has been confirmed that aerosols are harmful to telecommunication infrastructures. At the moment, the technique for estimating atmospheric aerosol retention is still unknown. The proportion of the aerosol constituents varies with time and location. The volume of pollution could aid scattering and absorbing of solar radiation [6] . This idea is complex and still remains a scientific gap.
General aerosol characteristics can be investigated through the examination of aerosols retained in the Pol. J. Environ. Stud. Vol. 27, No. 1 (2018) , [1] [2] [3] [4] [5] [6] [7] [8] Original Research
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atmosphere. This process is called aerosol retention, which is quite interesting and cannot be generalized because of its dynamic properties. These properties depend mainly on geographical location. Aerosol retention in the atmosphere modifies indirectly the properties of clouds. Verheggen and Weijers [2] proposed that aerosol retention has the potential to reduce global warming "to a certain extent." Hence the need to be certain about the permissive level of aerosols in the atmosphere is novel at this point. Aerosol loading over West Africa is already at its alarming state and new facts have shown that aerosol retention is very high in the region [3] . Hence, our main objective in this paper is to investigate the permissive level of aerosols over Praia's atmosphere.
The main focus of this research is to avert the danger aerosol loading portends for the more than 200,000 inhabitants of Praia. For example, there has been an annual temperature increase to about 1ºC in the last 15 years. Lopes et al. [7] confirmed that the level of air pollution in Praia and its environs calls for urgent examination. This has greatly affected the rainfall pattern in Praia. For example, Varela and Molion [8] had argued that rain-producing events in Praia are due to winds coming from the southwestern quadrant over the warm Atlantic Ocean, that is, associated with frontal systems traveling eastward and not the inter-tropical continental zone (ITCZ ) or African squall. In the case of Praia, the rain-producing events, when traced from 1981 to 2009 by Varela and Molion [8] , show that more scientific facts can be infered. A recent study [7] has shown that thermal stress had increased in Praia in recent years. In August and October, the thermal stress is above 29ºC and can be as high as 40ºC in poorly ventilated streets. Thermal stress is associsted with diseases [9] . We therefore propose that these events are inter-related and are currently triggerred by atmospheric aerosol loading/retention. This paper uses analytical and statistical techniques to investigate the state of aerosol loading and retention over Praia. We used the standard error (SE) of mean (in this research) to estimate the population mean for each month of the year. SE technique defines the standard deviation of the mean for each month. The standard error of the mean is expressed mathematically as: (1) …where ΄σ΄ is the population standard deviation and ΄n΄ is population size. Standard error measures the uncertainty in aerosol optical depth parameter and the deviations of the monthly mean from the 13-year mean. Standard deviation (σ) measures the amount of visible dispersion from the monthly mean [10] .
The coefficient of variation is the measure of a normalized dispersion. In statistics, coefficient of variation is referred to as relative standard deviation and expressed as a percentage. Coefficient of variation is not used for few meteorological parameters because of the inconsistency of its interval scale. For example, coefficient of variation is appropriate for the Kelvin scale and inappropriate for the Celsius scale because its data has an interval scale.
Therefore, we adopted the coefficient of variation because it gives an appropriate comparison between yearly and monthly AOD means. Coefficient of variation can be represented mathematically as: (2) …where σ is the standard deviation and μ is the monthly mean.
Praia is the second most populous city in Cape-Verde and it is located on longitude 23.51°W and latitude 14.92°N in the Sahelian geographic region, i.e., south of the Sahara (Fig. 1 ). Due to its proximity to the Sahara desert (about 1,749 km), the northeast winds as well Sahara dust play a significant role in its aerosol loading and retention. Also, Praia is under the influence of the local steppe climate. Its metropolitan area is about 699 km 2 . Praia has an average temperature and precipitation of 27ºC and 268 mm. 
Material and Methods
Analytical and statistical techniques were used to investigate aerosol loading and retention, respectively. The aerosol dispersion model that was propounded by Emetere et al. [3] was used to test the validity of the satellite and ground observations. The raw MISR and AERONET dataset was processed using the Excel package. The means for each month were calculated for each year. The assimilated data was inserted into the Matlab curve-fitting tool based on equation (3): (3) …where α and β are the phase differences, k is diffusivity, τ is AOD, ψ is the concentration of contaminant, λ is the wavelength, and a and n are atmospheric and tuning constants, respectively. The atmospheric constants can be used to measure the optical state of Praia.
The percentage of aerosol retention can be determined from the coefficient of variance for each year. This was done by considering the previous and current years that were denoted as G P and G r , respectively. The ground observations from the AERONET were adopted in the statistical technique. Hence we propound that aerosol retention between two years can be calculated using equation (4): (4) 
Results and Discussion
The AOD pattern in Praia-Cape Verde is normally distributed, that is, it has a Bell curve (Fig. 2) . The maximum AOD value was found in June and July, which is very different from other locations in West Africa [3] [4] . Also, the minimum AOD was found in January and December. From literature, Praia has a unique climate [11] . For example, its rainy season can be found in May and September, and the dry season in January, February, March, and August. The results shown in Fig. 2 denote that the self-cleansing atmospheric mechanism, e.g., "rain wash" do not have much influence on reducing aerosol loading over Praia.
The aerosols loading over Praia was tested using equation (3) . Equation (3) from the previous application [3] was built specifically for West African aerosol loading. The year 2001 was selected based on the general aerosol optical depth shown in Fig. 2 to prove that the analytical model is accurate and can be used to determine aerosol loading over Praia (Fig. 3) . It was discovered that only December was slightly out of the analytical model. It was observed (Figs 2-3 ) that the aerosol loading over Praia is high during December. Since the major occupation of the area is farming, it is expected that anthropogenic emissions (via bush burning) and the natural aerosol loadings from the northeast dusty winds would be high. Aside from the Emetere M.E., et al.
earlier explanation, it could be infered that ventilation is lowest in December, i.e., by observation. This assertion is still subject to future investigation. In other words, it could be deduced from the general aerosol loading from 2000 to 2013 that there had been constant complications in December (Fig. 4) .
In addition to the general features that can be obtained from Figs 2-4 , the optical state could be obtained from Equation (3) . The optical state in the context of this paper refers to the cumulative effect of all kind of atmospheric layers that are made-up largely of gas and aerosols. Three major parameters was used to explain the optical state over an area, i.e., atmospheric constants, phase differences, and tuning constants. Hence, the optical state can be inferred from the Matlab curve fit tool and Equation (3) as shown in Table 1 .
The effect of the optical state on satellite and ground observations over Praia will be investigated in the later part of this section. The optical state has several important elements, including the enhancement of measuring devices and signal budgeting. The use of the optical state to determine the constants inserted into the compact flash of measuring devices is important. The anomalies of large data loss both in ground and satellite observations in West Africa are largely dependent on the wrong atmospheric constants for the measuring instruments. It is important to note that this paper has significant interest in the ITU model because it suggests an alteration to its model (i.e., see Equation (7)): (8) …where e is water vapour pressure, P is atmospheric pressure (hpa), and T is absolute temperature (K). The mathematical relationship between relative humidity and water vapor pressure is expressed in the following equation: (9) …where T is the temperature in the above equation given in ºC, and the coefficients a, b, and c take the following values: a = 6.1121, b = 17.502, and c = 240.97. The implication of this research is hinged on the results from Leck and Svensson [12] , that the determination of coefficients a, b, and c are influenced by the optical state over a geographical location. This study proposes an inclusion of a term that considers the attenuation due to the moving aerosols layer and the incorporation of the latter into the ITU model. Upon this concept, we statistically examine the satellite and ground observations over Praia as shown in Tables 2 to 8 .
From Tables 2 to 8 Table 4 . Statistical analysis of ground and satellite data set. Table 3 . Statistical analysis of ground and satellite data set. Table 7 . Statistical analysis of ground and satellite data set. Table 6 . Statistical analysis of ground and satellite data set. Table 5 . Statistical analysis of ground and satellite data set. Table 8 . Statistical analysis of ground and satellite data set.
Statistical Parameters 2002 2003
Ground Satellite Ground Satellite Emetere M.E., et al. 2007 . It can be inferred from the coefficients of variance for satellite and ground observations that the accuracy of determining aerosol loading is more evident as the years go by. Secondly, the interval between the highest and lowest coefficients of variance for ground observation span a decade and it is higher than satellite observation. This shows that ground observation is more reliable than satellite observation over Praia. Equation (4) was applied to obtain aerosol retention over Praia as shown in Table 9 . The year of highest atmospheric aerosol retention was found between 2009 and 2010 (39.4%). When aerosol loading and retention is comparatively analyzed, it is observed that the skew and kurtosis are also good indicators for estimating atmospheric aerosol retention. The significance of atmospheric aerosol retention significantly applies to the aviation industry [13] , human health [14] , measuring instruments, energy budget, and meteorology [15] .
By the atmospheric aerosol retention shown in Table 9 , the cause of the high thermal stress could be explained. Relatively low aerosol retention was observed in 2003 and 2007, so the thermal stress for the two years should be low. It was observed that in 2009 and beyond, yearly aerosol retention increased. This further confirmed the results of the analytical model that, due to the anomalies observed in the aerosol loading of December, the self-cleansing mechanisms had little influence on aerosol content in Praia and its environs. The predictions of the United Nations Development Programme [16] on the thermal stress in Cape Verde for 50 years could now be explained by the aerosol retention results. Results of yearly precipitation obtained from the Tropical Rainfall Measuring Mission corroborated the role of aerosol retention in determining rain-producing events (Fig. 5 ) .
The year of highest aerosol retention had the highest precipitation (i.e., see the red arrow in Fig. 5 ). It was observed that the magnitude of aerosol retention can also reflect an increase in the width of the bell-shaped graph illustrated by the arrow. The increased width of the bell shape denotes that the precipitation naturally extends beyond its usual month (as explained earlier). Hence, this result confirms that aerosol retention plays a vital role in determining rainfall patterns. Therefore, aerosol loading and retention is important to most events already reported on Praia and its environs. The AOD pattern in Praia is very unique, that is, comparing the satellite and ground observations. This enables unseen events that could be captured by observations per time. It is observed from Fig. 6 that both observations show sharp differences between June and October. While the ground observation follows the usual observation for the tropics, that is, a high AOD during harmattan and low AOD during raining season, the satellite observation was different. In this case, it is suggested that Praia's AOD pattern is dominated by the stratospheric aerosol, which may arise from the influence of oceanic winds to promote the escape of the tropospheric aerosols into the stratosphere [17] . The maximum AOD for ground observation ranges between November and December. This idea is not in agreement with other West African locations. The minimum AOD for the ground observation ranges between February and April.
Conclusions
It was affirmed that aerosol retention and loading has exceeded normal limits. Hence, the self-cleansing mechanism in the Praia atmosphere could hardly control/ reduce the rate of aerosol loading per year. This idea was confirmed via yearly excessive aerosol loading in December. The average annual aerosol retention over the study area has increased by 18%. The highest aerosol retention was was recorded in 2010 at an all-time highof 39%, which subtly increased the thermal stress over Praia. Also, the results affirmed that aerosol retention plays a vital role in the rain patern of the location. Therefore, aerosol loading and retention is important to understand the events reported on Praia and its environs. The analytical and statistical technique used for this study has shown high accuracy. Therefore, it is recommended that the model can be extended for future study in tropics outside West Africa.
